The main method for processing polyvinyl chloride (PVC) is plastisol technology [1] in which the process of combination of the polymer with the plasticiser is determined by the structure of the PVC. It is well known [2, 3] that the structure of emulsion PVC is infl uenced substantially by the method of formation from latex. Here, a promising means of polymer formation is coagulation by cationic polyelectrolytes. The principle of action of these reagents is based on the destabilisation of latex particles by neutralisation of the protective layer created by the emulsifi ers, as a result of which the destabilised polymer particles form a precipitate to be separated from the mother liquor [4] .
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The advantages of polymer formation by cationic polyelectrolytes over spray drying and coagulation by inorganic electrolytes include a lower energy requirement, ecological safety of the process, the absence of contamination of the PVC by polymerisate components and mineral impurities [4, 5] , and also the possibility of changing the morphology of the polymer. The high activity and selectivity of cationic polyelectrolytes lower the coagulant consumption considerably compared with inorganic electrolytes [6, 7] . In this connection, the study of the process of PVC latex coagulation is urgent from the point of view of controlling the structure and properties of the polymer, which infl uence its combination with plasticisers.
This article presents a comparative analysis of the properties of plasticised systems according to the method of formation of the polymer from latex, and sets out a method for controlling the properties of PVC-plasticiser mixtures during the processing of the polymer by plastisol technology.
An analysis was made of industrial emulsion PVC of grade PVC-EP-6602S, formed from latex during spray drying (PVC-1), and a polymer specimen (PVC-2) produced as result of coagulation of latex with a polymer concentration C L = 42%, a degree of adsorption saturation θ = 84.1%, and an average particle diameter d av = 184.4 nm. The coagulating agent was a cationic polyelectrolyte -poly-1,2-dimethyl-5-vinylpyridinium methyl sulphate (poly-1,2-DM-5-VPMS) obtained by the procedure described in reference [8] .
To investigate the process of coagulation, a solution of polyelectrolyte of specifi ed concentration (C PE , mg equ/L) was added to the latex, the system was mixed, and the effectiveness of the coagulating action of the polyelectrolyte was assessed from the degree of precipitation of the polymer (X, %), equal to the ratio of the mass of the precipitated polymer to its total mass in the investigated specimen. The PVC specimens were dried at room temperature.
The density of the polymer ρ p was determined picnometrically in isopropyl alcohol at 20 °C according to the procedure set out in reference [9] .
The degree of crystallinity of the PVC specimens was assessed by X-ray diffraction analysis [9] on a DRON-3.0 X-ray diffractometer.
Optical microscopy [10] was used to study the process of swelling of microparticles in dioctyl phthalate (DOP) and dibutyl phenyl phosphate (DBPP), and the grain size characteristics of the polymer were determined: the number-average radius R n , the surface-average radius R s , and the mass-average radius R m of the particles. For quantitative assessment of the polydispersity of systems, the polydispersity coeffi cient was used, calculated in accordance with the formula K p = R m /R n . The degree of swelling of the polymer α m was determined by means of the formula α m = R m /R m 0 as the ratio of the corresponding average particle radius of the polymer R m in the presence of plasticiser to the average particle radius of the PVC R m 0 .
The rheological properties of mixtures of PVC with plasticisers DOP and DBPP were studied using a DV-II + Pro rotation viscometer with a cylinder-cylinder working assembly at a temperature of 30 °C. The coeffi cient of ageing K age was defi ned as the ratio of the effective viscosity of the paste at a shear rate of 1 s −1 after several days storage to its initial magnitude measured 24 h after preparation of the polymer-plasticiser mixture.
The temperature regime has a considerable effect on the structure of the polymer particles [11] . Therefore, when cationic polyelectrolytes are used for the formation of PVC from latex, a change is to be expected in the morphology of the polymer in view of the absence of the effect of increased temperature on the structure of the particles.
In the process of studying the morphology of PVC particles as a function of the method of their formation from latex, it was established that for specimen PVC-2 an increase is observed in the magnitude of the picnometric density -ρ picno = 1.53 g/cm 3 , as opposed to ρ picno = 1.40 g/cm 3 for PVC-1. This indicates that, in the process of latex coagulation, polymer grains with open through pores and a developed unmelted surface are formed. The greater pore volume is due to the mild method of polymer formation, which eliminates the effect of a temperature exceeding the glass transition temperature (T g = 75-80°C) [12] on the structure of the powder.
Furthermore, during coagulation of the latex, processes of change in structure on the supermolecular level occur in the PVC grains. There is a reduction in the degree of crystallinity of specimen PVC-2 (20.7%) compared with PVC-1 (23.1%), which is connected with the absence of the effect of increased temperature. In the case of spray drying, a temperature is reached in the latex drops that exceeds the glass transition temperature of PVC, as a result of which mobility of the polymer chains becomes possible, which is a necessary condition of the crystallisation process [13] .
In connection with the changes found in the structure of the polymer particles as a result of the temperature regimes at the stage of PVC formation from emulsion, additional heat treatment (annealing) of PVC-2 can be used as a means of changing the properties of the polymer particles. The effect of temperature regime on PVC particle size is presented in Table 1 .
According to the data in Table 1 , there is a reduction in the polymer grain radius (R s = 2.0 × 10 −5 m) during the coagulation of PVC by cationic polyelectrolytes in comparison with the industrial specimen (R s = 2.9 × 10 −5 m), as, in the process of spray drying, the particles sinter and form aggregates -structures of irregular shape [14] . Here, with increase in the duration of the process and in the annealing temperature, the particles size increases. At a maximum temperature of 95 °C and a maximum annealing time of 3 h for PVC-2, the surface-average particle radius R s = 17.3 × 10 −5 m.
PVC-2 is also characterised by a lower coeffi cient of particle polydispersity K poly = 2.15 compared with PVC-1 (K poly = 2.44), which indicates that a polymer with a smaller particle size spread is produced by latex coagulation. Additional annealing of PVC-2 leads to an increase in the polydispersity of its particles on account of their aggregation.
Particle morphology has a considerable infl uence on the combination of the polymer with plasticisers [15] . Therefore, the need arises to study the process of swelling of PVC particles in plasticisers and to establish the possibility of controlling the process of their combination. The results of the investigations are presented in Table 2 .
From the data obtained it was established that the particle diameter of a polymer obtained by coagulation of latex by cationic polyelectrolytes increases according to the type of plasticiser, by a factor of 4.87 for DOP and 6.47 for DBPP. For PVC-1, the increase in particle size is less signifi cant, by a factor of 1.68 for DOP and 1.72 for DBPP. Consequently, PVC-2 possesses a greater swellability compared with PVC-1. Here, DBPP is characterised by greater affi nity for the polymer compared with industrial plasticer DOP, as the swelling of polymer particles in DBPP is more intense. Preannealing of PVC specimens leads to a change in the coeffi cient of swelling α m , with the following behaviour pattern: the higher the temperature and the longer the annealing time of the polymer, the more rapidly the PVC loses its swellability in the plasticisers. The change in the properties of the dispersions seems to be due to change in the size, degree of crystallinity, and surface nature of particles and to the accessibility of pores.
To predict the behaviour of mixtures of PVC with plasticisers during processing by plastisol technology, it is necessary to know the viscosity of the paste and its stability during storage [16] .
From the data in Table 3 it was established that the mixture of PVC-1 with DOP in a 50:50 mass ratio is a low-viscosity paste. Here, its K age has a fairly high value (when the paste is stored for 6 days, the viscosity increases by a factor of 6.2). When DOP is replaced with DBPP, a considerable increase in the plasticiser concentration in the mixture is required (polymer:DBPP mass ratio 30:70). Here, there is an increase in the viscosity of the paste (12.7 Pa s) and in the coeffi cient of ageing (after 6 days, the viscosity increases by a factor of 17.6). Change in the rheological properties of the mixtures is connected with the greater ability of DBPP to combine with PVC.
For the PVC-2-DOP system, an increase in the plasticiser content in the mixture (mass ratio 35:65) is required in comparison with PVC-1, which is connected with reduction in the particle size of the polymer and with a reduction in the polydispersity of the system [17] . However, the coeffi cient of ageing of the paste hardly changes. This is due to the fact that polymer grains with a developed, unmelted surface are formed during latex coagulation. The presence of open through pores results in a low residual air content in the particles, which affects the stability of the viscosity of the plasticised systems, as the process of plasticiser penetration into cavities is extended in time and dependent upon the accessibility of internal cavities of grains for the plasticiser and the rate of air outfl ow from them.
Preannealing of PVC-2 at 75 °C leads to a reduction in the plasticiser content in the mixture (polymer:plasticiser mass ratio 40:60) and to a negligible increase in the coeffi cient of ageing of the paste.
Change in the morphology of the polymer affects the rheological properties of PVC-plasticiser pastes. The rheological properties are important, as, depending on the processing technology (dipping, casting into moulds, rotation moulding, extrusion, spraying) and the designation of the article, mixtures of PVC with plasticisers must possess the properties necessary for achieving optimum conditions: some plastisol grades must have low viscosity even with a low plasticiser content, in contrast to other grades that must possess high viscosity at a high plasticiser content.
CONCLUSIONS
1. It has been established that, with latex coagulation by a cationic polyelectrolyte, particles are formed with a smaller size, coeffi cient of polydispersity, and degree of crystallinity compared with an industrial specimen formed from emulsion by spray drying. Here, the polymer grains have an unmelted, developed surface with open through pores.
2. The process of swelling of PVC particles in DOP and DBPP as a function of the method of formation from latex has been studied. The polymer formed from latex by coagulation possesses greater swellability than the specimen formed by spray drying. Here, DBPP is characterised by greater affi nity for PVC in comparison with DOP, as the process of swelling of particles in DBPP is more intense. The possibility of controlling the properties of PVC-plasticiser dispersions was established, indicating loss of the ability of PVC to swell in plasticisers with increase in temperature and with increase in the duration of preannealing of the polymer.
3. The rheological properties of PVC-plasticiser mixtures as a function of the method of formation of polymer from emulsion have been studied. When PVC formed from latex by coagulation is used, the plasticised system is characterised by a non-time-varying, relatively high initial viscosity and a reduced polymer content in the mixture.
